This review summarizes the options available for the management of postpartum haemorrhage when ecbolic agents have failed to control the bleeding and an obvious rectifiable problem such as retained placental fragments, lower genital tract trauma, uterine inversion or uterine rupture have been excluded or dealt with. The review covers the range of surgical options but gives an in-depth explanation of the more recent developments such as uterine brace sutures, the use of the Sengstaken±Blakemore tube and embolization procedures. Curr
Introduction
Postpartum haemorrhage (PPH) occurs in 2±11% of deliveries [1] , but in most situations when blood loss is estimated visually, it is underestimated. Quantitative measurements of blood loss increase the PPH rate to 20%, but life-threatening haemorrhage occurs in approximately 1 per 1000 deliveries [2] . Primary PPH was responsible for ®ve maternal deaths in the 1994±1996 triennial Con®dential Enquiry into Maternal Deaths in the United Kingdom, with four of the ®ve deaths occurring after caesarean sections and the ®fth after a ventouse delivery. Worldwide, over 125 000 women die of PPH each year [3] .
The main causes of primary PPH are retained placenta or placental fragments, uterine atony and lower genital tract trauma, along with coagulopathy, which compounds the problem. Uterine inversion and uterine rupture are less common causes. Eighty per cent of cases of PPH are caused by uterine atony [4 . ].
Factors predisposing to uterine atony include a history of previous PPH, uterine overdistension (macrosomia, multiple pregnancy, hydramnios), high parity, antepartum haemorrhage, precipitous or prolonged labour, chorioamnionitis, retained placental fragments, uterine abnormalities or ®broids, uterine trauma, the prolonged use of oxytocin, operative delivery and general anaesthesia.
Surgical management of primary postpartum haemorrhage
Failure to control bleeding by means of ecbolic agents, when other causes of PPH (such as retained placental fragments or soft tissue trauma) have been excluded or dealt with, will need the instigation of surgical options. The surgical management of PPH has traditionally relied on hysterectomy and ligation of the internal iliac arteries, but over the past few years a number of new and simpler techniques (which also preserve fertility) are coming into use before resorting to complex and risky major surgical procedures.
Undersuturing the placental bed
When PPH follows placenta previa or low-lying placenta, the large sinuses that are responsible for the bleeding must be undersewn. Dif®culty with undersewing may arise as a result of a narrowing of the isthmic portion of the cervical canal where some undersewing has already been performed. A further dif®culty in undersuturing may be caused by the extreme thinness of the lower segment, which may tear every time suturing is attempted from within the cavity. If faced with these dif®culties, full-thickness suturing should be employed, entering the uterine cavity from the outside, below the bleeding point and then exiting the cavity to the outside, such that a horizontal suture has been placed across and below the bleeding point [4 . ]. Care should be taken not to obliterate the cervical canal and os, in order to allow drainage of blood per the vagina.
The`tamponade test'
When adequate examination under anaesthesia to exclude or remove retained placental tissue or repair genital tract laceration has been performed, and when coagulopathy has been excluded or corrected, but intractable haemorrhage remains a problem despite exhausting pharmacological means, the`tamponade test' provides a means of selecting those patients that require further surgery. In patients in whom the bleeding stops with the`tamponade', further surgery is not required and the`tamponade' then becomes the main therapeutic procedure [5, 6] .
A previously sterilized (by gas or by soaking in 2% activated glutaraldehyde for 20 min) Sengstaken±Blakemore tube, which has the portion distal to the stomach balloon cut off, is inserted into the uterine cavity using a pair of sponge forceps, sometimes facilitated by grasping the anterior lip of the cervix with a second pair of sponge forceps. The oesophageal balloon is then ®lled with 75± 150 ml saline until it just becomes visible at the cervical canal. If no or only minimal bleeding is observed both via the central lumen and through the cervix, thè tamponade test' is considered successful and further surgery need not be performed. On the other hand, if considerable bleeding (even if less than before application of the balloon) is observed via the lumen of the tube or the cervix, the test is considered unsuccessful and a laparotomy should be performed.
When the`tamponade test' is deemed to be successful, the upper vagina is packed with roller gauze to prevent expulsion of the balloon, and a urinary catheter is inserted to keep the bladder empty, as well as provide collateral evidence of adequate¯uid replacement. In order to maintain uterine contraction over the balloon, a slow oxytocin infusion (20±40 IU syntocinon in 1000 ml of 0.9% sodium chloride) is run over the next 12±24 h. Broad-spectrum antibiotics should also be administered to minimize the risk of sepsis. The patient is then closely monitored, including the vital signs (pulse, blood pressure, temperature),¯uid input/output, fundal height and vaginal loss. The following day, when the patient's condition is stable, the oesophageal balloon is de¯ated leaving it in situ, and the patient is observed for approximately 30 min. Provided there is no active bleeding, the infusion of oxytocin is stopped, and if after a further 30 min observation period there is no active bleeding, the balloon is withdrawn. The urinary catheter and intravenous infusions are also discontinued but antibiotics are continued for 3 days. In a series of eight cases managed in this fashion by the author (S Arulkumaran, I Symonds, RLK Chapman, A Sinha, K Razvi, in preparation), effective and immediate haemostasis was achieved in six, with two requiring further surgery.
Uterine`brace sutures': B-Lynch suture and modifications
The B-Lynch suturing technique involves a pair of vertical brace sutures around the uterus essentially to appose the anterior and posterior walls and to apply continuing compression. Lynch et al. [7] described this technique in a series of ®ve patients with intractable severe PPH. Complete haemostasis was achieved avoiding dif®cult and hazardous pelvic surgery, at the same time preserving the patient's uterus and fertility. The procedure is carried out under general anaesthesia, with an indwelling urinary catheter in situ and the patient in the Lloyd±Davies position to enable access to the vagina to facilitate an objective assessment of the control of bleeding. The abdomen is opened via a Pfannensteil or midline incision, or if PPH occurs after a caesarean section, the same incision is reopened. A lower segment uterine incision is made after downward re¯ection of the bladder or the uterine incision is reopened. The uterine cavity is inspected for retained placental fragments and evacuated. The uterus is then exteriorized and inspected for any bleeding points which, if identi®ed, are undersewn. If the bleeding is diffuse and no obvious bleeding point is identi®able, bimanual compression is applied to the uterus to determine whether a brace suture is likely to be of value. Provided the bleeding is controlled, a B-Lynch brace suture can be inserted.
A 70 mm round-bodied hand needle, on which a No. 2 chromic catgut suture is mounted, is used to puncture the uterus 3 cm below the right lower edge of the uterine incision and 3 cm from the right lateral border. The suture is then threaded through the uterine cavity to emerge at the upper margin 3 cm above and approximately 4 cm from the lateral border as the uterus widens from below upwards. The chromic catgut suture is now passed over the anterior surface of the uterus and 3±4 cm medial to the right cornual border and taken downwards along the posterior surface, entering the uterine cavity from the posterior wall of the uterus, corresponding to a point of the uterine incision on the anterior uterine wall. The suture is then pulled under moderate tension, helped by manual compression from the surgical assistant, and is passed laterally and horizontally to the left side within the uterine cavity, and the needle is used to exit via the posterior uterine wall in the lower segment. The suture is then taken upwards along the posterior uterine wall over the fundus, 3±4 cm medial to the left uterine cornu and is brought down over the anterior uterine wall, entering the uterine cavity 4 cm from the lateral border and 3 cm above the uterine incision. After traversing the uterine cavity, the suture emerges 3 cm below the uterine incision and 3 cm medial to the lateral border of the uterine wall. Finally, the right and left sides of the suture are tied anteriorly while the assistant compresses the anterior and posterior uterine walls. Success of the procedure is heralded by the cessation of bleeding; persistent bleeding despite compression usually necessitates further surgical intervention.
Modi®cations to the B-Lynch suture technique have been described (RG Hayman, S Arulkumaran, PJ Steer, in preparation) in a case of PPH at caesarean section for placenta previa that turned out also to have a morbidly adherent placenta. Despite oversewing obvious bleeding points, there remained a generalized`ooze'. Bimanual compression of the uterus appeared to control bleeding from the more rostral portion of the placental bed, but loss from the cervical portion persisted, the latter only responding to direct external compression of the cervical and isthmic portions of the uterus in an anterior to posterior direction. An isthmic-cervical apposition suture was therefore inserted. A 2 Dexon suture on a straight needle was used to puncture the uterus above the bladder re¯ection, 3 cm below the left lower edge of the uterine incision and 2 cm medial to the edge of the lower segment. Taking care to protect the bowel, the needle was initially passed from the anterior to the posterior aspect of the uterus, then using an entry point 1 cm medial to its exit point, it was passed from the posterior to the anterior aspect of the uterus. This procedure was then repeated for the opposite side. A pair of closed artery forceps were placed between the medial margins of these two sutures to ensure that the cervical canal remained patent after the apposition sutures had been tightened. Upon completion of the procedure there was a marked reduction in loss from the lower segment. Damage to the ureters and bladder was avoided by ensuring bladder re¯ection below the level of suture insertion and by passing the sutures through the uterus 2 cm medial to its lateral border. To stop the bleeding from the body of the uterus a modi®ed brace suture was then inserted. A No. 2 chromic catgut suture was passed slightly rostral to the lower horizontal apposition suture, from the anterior to the posterior surface of the uterus, the suture being tied over the fundus 3±4 cm medial to the cornu, while bimanual compression by an assistant apposed the uterine cavity and uterine contraction aided by an intramyometrial injection of 250 mg prostaglandin F2a into the uterine fundus. The process was repeated on the opposite side. A three-knot technique was employed for the ®rst throw to prevent slippage of the suture (Fig. 1a) . At the end of the procedure, in addition to ensuring adequate control of bleeding, it is imperative to inspect the bladder, ureters and bowel to exclude any direct trauma.
Slippage of the uterine brace sutures is avoided by tying the loose ends of the brace sutures at the uterine fundus (RG Hayman, S Arulkumaran, PJ Steer, in preparation). If the uterus remains soft and there is distension in the mid portion of the uterus, a series of horizontal or side to side compression sutures in addition to the vertical brace sutures can also be inserted.
The modi®cations to the original B-Lynch suture described may have the added advantage of being simpler to perform (compared with remembering the sequence of B-Lynch suture in the emergency situation) and not requiring the uterus to be opened. More tension to appose the uterine walls can be achieved by two separate sutures than a single suture described by Lynch et al. The brace sutures probably work by direct application of pressure on the placental bed bleeding and also by reducing blood¯ow to the uterus. The horizontal apposition sutures provide a very effective means of controlling bleeding from the lower segment, especially when the latter was the site of placental insertion.
Uterine artery ligation
The uterus receives 90% of its blood supply from the uterine arteries, and uterine artery ligation therefore plays a role in the management of PPH only if the bleeding is uterine [8 . ]. Uterine artery ligation is technically easier and safer than internal iliac artery ligation. It is carried out as follows: The vesicouterine fold of the peritoneum is ®rst incised transversely and the bladder mobilized inferiorly. The uterus is elevated and an avascular window in the broad ligament is identi®ed. A large atraumatic needle with a No. 1 chromic catgut or vicryl suture is then passed from posterior to anterior, 2±3 cm medial to the uterine artery (including a bite of myometrium) and out through the avascular window at or just below the level of the uterovesical peritoneal re¯ection (Fig. 1b) . The ureters, bladder and bowel are inspected to exclude inadvertent damage. The procedure is repeated on the opposite side.
Infundibulopelvic vessel ligation
This involves ligation of the utero-ovarian anastomosis, which can easily be performed by ligating the medial end of the broad ligament, which includes the round ligament, the tube and the vessels that are about to supply the uterus (Fig. 1c ). In cases when tubal patency needs to be preserved, the technique involves identifying an avascular area in the meso-ovarium near the utero-ovarian ligament and placing a ligature around the utero-ovarian anastomosis without damaging the fallopian tube. Fertility should not be adversely affected.
Internal iliac artery ligation
Internal iliac artery ligation may help in the control of uterine and vaginal bleeding as the vagina is supplied by the vaginal branch of the internal iliac artery [8 . ]. Bilateral internal iliac artery ligation results in an 85% reduction in pulse pressure in the arteries distal to the ligation and blood¯ow by 50% in the distal vessel, turning an arterial pressure system into one with pressures approaching those in the venous system and more amenable to haemostasis via clot formation. The success rate of the procedure in achieving its target is reported to be approximately 40%, and by this stage the patient may already have a signi®cant degree of compromise as well as coagulopathy [8 . ]. The procedure may also be complicated by the fact that tissue oedema and haematoma make recognition of anatomy much harder.
In order to perform ligation of the internal iliac artery safely, it is essential to have an accurate understanding of the relationship of the iliac vessels and the ureter in the retroperitoneal space. The common iliac artery bifurcates into the internal and external iliac arteries at the pelvic brim (level of the sacral promontory), with the ureter crossing the common iliac artery at the level of its bifurcation. The procedure is as follows: The retroperitoneal space is opened by making an 8±10 cm incision in the peritoneum lateral and parallel to the ureter. The ureter and peritoneal¯ap are then retracted medially. The internal iliac artery is then dissected free until the posterior branch is identi®ed. Once distal to the point where the posterior branch comes off the trunk of the internal iliac artery, the latter is dissected free from the internal iliac vein, and using a right-angled clamp, two ligatures are placed around the vessel. Pulsations of the external iliac artery are checked to con®rm that the blood supply has not been compromised. The procedure is then repeated on the opposite side. Ligation of infundibulopelvic vessels medial to the ovary may further reduce bleeding without any detrimental effect on fertility.
Complications of the procedure include: (i) compromised blood supply to the buttocks and gluteal muscles through inadvertent ligation of the artery above the point where the posterior branch comes off the internal iliac artery; (ii) external iliac artery ligation and ischaemic damage to the pelvis; and (iii) injury to the iliac vein.
Arterial embolization
This procedure is usually available in a small number of tertiary centres with appropriately trained interventional radiologists. Access is usually gained via the femoral artery. The catheter is advanced above the bifurcation of the aorta, and the bleeding point is identi®ed by contrast injection. The feeder artery is catheterized and embolized with absorbable gelatine sponge, which is usually resorbed in approximately 10 days [9] . There have been cases in which appropriately sited catheters have been positioned preoperatively in women at very high risk (i.e. suspected placenta accreta). It may become necessary to embolize the ovarian vessels, which requires the catheter to be placed above the level of the renal arteries. The mesenteric artery needs to be identi®ed before embolization of the ovarian vessels, to avoid ischaemic damage to the bowel [10].
Hysterectomy
Hysterectomy represents the last resort in the management of PPH due to uterine causes. In most instances a subtotal hysterectomy, which is quicker, simpler, safer and associated with less blood loss, is adequate. This is not the case when bleeding is in the cervical branch of the uterine artery supplying the lower segment, such as placenta previa with accreta and tears in the lower segment.
Hysterectomy is reserved for when all other avenues available have been exhausted, when bleeding continues with a severely shocked patient, and in cases of coagulopathy in which no replacement blood products are available.
The immediate postoperative care should be in a highdependency area with adequate monitoring (pulse, blood pressure, oxygen saturation, vaginal loss, urine output, as well as haemoglobin, renal function, coagulation and central venous pressure). The need for intravenous antibiotics and thromboprophylaxis should also be addressed.
Conclusion
The management of PPH begins in the antenatal period by ensuring that anaemia is detected and corrected. Risk factors in the antenatal and intrapartum period along with previous obstetric history also alert the obstetric team to potential problems, and prophylactic oxytocic agents should be strongly encouraged in such high-risk patients. Intravenous access with haemoglobin estimation, blood specimen for grouping and even cross-matching at the onset of labour may be appropriate in some cases. If PPH does occur, remedial action should be swift, moving through the various treatments as in a well-rehearsed routine. Successive reports from the Con®dential Enquiries into Maternal Deaths in the UK have highlighted the importance of regular`®re drills' to ensure that all staff including the blood bank are pro®cient in their individual roles in the management of massive obstetric haemorrhage. Other recommendations that arise from the Con®dential Enquiries into Maternal Deaths in the UK, and which are summarized in the report for the triennium 1994±1996 [2] include the need for an accurate estimation of blood loss, prompt recognition and treatment of coagulation disorders, early involvement of senior staff (consultant obstetrician, haematologist and anaesthetist), the use of adequately sized cannulae, the importance of monitoring central venous pressure and prompt recourse to de®nitive surgery. The presence of the most experienced obstetrician in high-risk situations such as anterior placenta previa with a previous caesarean section is also among these recommendations.
Past Con®dential Enquiries in developed countries have pointed to avoidable factors, such as the replacement of blood and blood products being`too little and too late', and a delay in initiating and performing de®nitive surgery as part of the reason for suboptimal outcome in cases of severe PPH. Surgical treatment of PPH, performed as an appropriate and timely intervention is life-saving, therefore it is important for those who provide care to pregnant mothers to be familiar with the options available to them.
